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GENERAL CLIMATE AND STORM EPISODES RELATED TO EROSION 
ON 1HE SOlJilll\TESTERN SHORE OF LAKE MI 0 II GAN 
William A. Dugas and Kipling P. Mecum 
ABSTRACT 
The unprecedented rise of Lake Michigan water levels from a 
record low monthly mean of 575.1 feet !GLD to monthly mean high levels in 
excess of 580.0 for the years of 1973, 1974, and 1975 has been a main 
contributor to denudation and erosion of large segments of the Illinois 
shore. In 1974, the Illinois Geological Survey received funds from the 
Illinois Division of Waterways (now Illinois Division of Water Resources) 
and from the u. s. Office of Coastal Zone Management (NOAA) under the 
auspices of the u. s. Coastal Zone Management Act of 1972 for the purpose 
of acquiring physical data on natural materials and processes of the 
Illinois Lake Michigan shore as part of a plan to develop a long range 
coastal management program for Illinois. 
Part of this comprehensive program has involved the.study of 
general climatic factors such as wind velocity, direction, and duration; 
storm frequencies; characteristics of individual storm episodes; long and 
short term variation in water level; and.the relationship of all of these 
to waves, littoral currents, and open lake circulation as they affect shore 
erosion and sediment deposition. 
The following is a preliminary and partially complete contribution 
which treats the general climate of the shore and describes the character­
istics of two storm episodes that moved significant volumes of shore and 
littoral sediment in short periods of time. 
INTRODUCTION 
the Illinois shore of Lake Michigan, here used to indicate the 
strip of land that lies within 600 feet of the lake, is subject to a 
climatic regime that basically is continental in nature. 1 t is similar to 
the climate of shoreward areas but the presence of the lake modifies these 
characteristics to those of a semi-marine regime. TI1is is especially 
true during spring, stmnner, and fall due to the existence of land- lake 
breezes. ·n1e high specific heat of water (as compared with land) causes 
the lake to heat and cool much more slowly than land, thereby delaying the 
arrival of spring and prolonging fall. The day- to-day climate is quite 
changeable, however, because the Illinois shore is located along the pre­
ferred tracks of cyclonic storms that regularly move from west to east 
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across North America (Fig. 1). The location of these tracks raises the 
possibility of predicting the nature and frequency of stonns to be ex­
pected during a given season and to predict sequences of events associated 
with their passing (Davis and Fox, 1975). These predictions in turn pro­
vide the prospect of identifying and classifying stonns and their specific 
erosional effects so that estimates of submarine sediment displacement and 
shore volume losses may be made on the basis of stonn frequencies. 
Table 1 (Davis, 1973) shows the number of passages of cyclonic 
stonns across Lake Michigan for the period 1970-1973. Although storms 
occur throughout the year, they are concentrated in the late fall through 
spring. Davis' figures agree well with Seibel (1974) who has calculated 
that 43. 8 cyclones per year passed over Lake Michigan during the period 
1938-1972. Davis and Fox (1975) described a minor cyclonic storm episode 
that occurred during July, 1974. They detennined that 350 cubic yards 
of sediment were removed from an 800 foot reach of the nearshore in less 
, than 48 hours. Multi plied by the length of the exposed part of the sand 
shore between Kenosha and Waukegan, a very conservative minimum estimate 
of 34, 000 cubic yards in transport can be suggested for almost every 
significant cyclonic storm. 
Sources of Weather Data 
Figures 2 and 3 show the monthly averages for temperature and 
precipitation for Kenosha, Wisconsin and Waukegan, Illinois, locations 
near to the reaches of the Illinois shore most vulnerable to erosion. The 
averages are based on published National Weather Service data and represent 
the general characteristics of a modified continental climate, i.e. wann 
surruners and cold winters with an even distribution of precipitation. 
Wind data, the most critical environmental variable that affects 
wave activity ,are most readily available from local aiIT>orts. Prevailing 
winds are from the northwest in winter, northeast in spring and early 
sunnner, and southwest in summer and fall. March, April, and November are 
the windiest months with averages of 14 mph. July and August are the least 
windy with averages of 10 mph. The strongest winds are usuall y from the 
west or southwest. Tables 2 and 3 represent monthly and annual average 
wind conditions in the Chicago area (Illinois Division of Waten\fays, 1958). 
These data display a pattern quite similar to that stated above, i.e., a 
"calm" period during summer months with a seasonal change in prevailing 
wind direction. 
Based on the above data and other analyses a cursory attempt can 
be made to descrihe on a monthly basis the time when the Illinois shore is 
especially susceptible to erosion, assuming a normal seasonal variation 
in lake levels. Erosion on a shore is most prevalent when: (1) winds arc 
1970-71 
1971-72 
1972-73 
Total 
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TABLE l - PASSAGE OF CYCLONIC WFATIIER SYSTfMS ACROSS 
LAKE MICHIGAN AREA 
MJNTH 
A s 0 N D J F M A M J 
0 2 1 3 6 5 4 6 2 2 3 
2 3 3 4 5 3 6 4 5 6 2 
4 2 3 4 6 2 5 4 3 s 2 
6 7 5 11 17 10 15 14 10 13 7 
J Total 
2 36 
1 44 
2 44 
5 ���J 
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Fig. 2 - Average Temperature and Precipitation for Kenosha. Wisc. 
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TABLE 2 - AVERAGE VEUX::l1Y AND FREQUENCY* OF WIN� FROM EACH DIRECTION FOR EACH MONIB 
WILSON AVENUE CRIB 
SEPTEMBER 1950·0C10BER 1954, INCL.· 
januaey February March April May June 
Direc· Pct. Average Pct. Average Pct. Average Pct. Average Pct. Average Pc.t. Average 
ti on of Velocity of Velocity d. Velocity of Velocity of Vel<>eity of Velocity 
Tl me (m.p.h,) Tl me (m.p.h.) Time (m.p.h.) Ttme (m.p.h.) Time (m.p.h.) Time (m.p.h,) 
N 6,66 20.9 12.03 20.2 10,14 21.0 10.61 18.0 11.81 15.8 8.36 13.6 
NNE 2.14 12.7 4.41 17.0 4 ,18 15.9 6.73 14.9 10.44 15.6 8.28 11.2 
NE 2.93 14.3 3.43 12.0 7.84 16.0 6.40 13.9 9,18 13.S 8.24 9 ,5 
ENE 1.99 16.0 2.32 14.8 4,13 15.5 3,88 14.0 4.46 13.0 4,46 10.4 
E 1.77 13.8 2.76 17.l 7.12 16.7 . 5.12 13.9 5.64 12.4 5.23 11.5 
ESE 2.90 12.6 4,68 16.6 4.35 17.4 7.43 15,4 5.45 13.3 5.07 10.5 
SE 6.81 16,4 4.90 14.3 6,99 14.9 7.64 13.3 7.28 11.9 10.26 11.3 
SSE 4.60 15.6 3.65 15.3 4,86 13.6 5.16 14.9 4.84 10.6 6.60 10.7 
s 6.66 16.2 4.81 17.0 4.60 14.0 4.32 14.7 4.95 13.2 7.10 11.7 
SSW 5.79 19.8 3.83 21.6 2.26 18.6 2.01 18.2 3.47 18.2 5.15 13.4 
SW 11.59 21.2 9.93 21.4 4.73 2 1.l 7 .79 10.l 6.40 19.l 8.32 11.2 
WSW 6.01 16.4 7.75 22.7 4.69 24.1 5.30 19.0 4.08 16.2 5.72 16.9 w 6.12 18.5 9.35 21.7 6.78 21.6 6.22 20.4 7.16 17.9 5.04 15,5 WNW 8.44 16,7 9.31 20.6 7.93 19.5 9.77 19.7 5.56 17.7 4.69 14.4 NW 18.57 18.4 11.49 17.1 13.34 17.8 7.43 19.0 5.60 14.7 4.35 12.3 
NNW 7.02 20.6 5,35 17.3 6.05 17.3 4.21 17.0 3.70 13.3 3.13 12.0 
July August September October November December 
N 6.37 12.9 7.02 15.0 4.12 18.7 7,09 19.8 5.07 25.8 3.99 19.2 
NNE 7.27 12.2 7.02 13.8 4.05 20.7 6.29 19.9 3,96 19.9 0,91 14.9 
NE 11.36 10.8 10.99 11.5 6.11 13.7 8.16 19.1 3 .19 20.4 2.18 13.9 
ENE 4.60 9,6 4.95 11.2 3.20 12.7 2. 71 . 15. 1 1.58 21.0 2.54 14.4 
E 4.76 7.9 4.38 9.2 3.73 13.0 2.54 1:3.2 1.54 16.0 1.87. 16.1 
ESE 5,54 9.2 5.66 9.7 4.05 14.0 2.54 12.5 0.81 19.1 2.00 16.8 
SE 9.87 10.0 11.37 10.4 6.50 12.9 5.31 13,9 2.42 15.4 4.53 15.5 
SSE 6,41 10.1 7.21 11.0 5.59 14.6 5.07 15.1 3.65 17.3 5.08 Ul.5 s 6.25 10,5 7.18 10.7 6.90 13.5 7.05 14.4 4.73 16 .6 7.26 18.4 SSW 6.10 14.0 4.12 9,4 7.25 17.5 7 .12 15.4 6.15 20 .8 5.62 21.0 SW 11.01 15.4 9.63 12.0 12.39 18.1 15.63 18.8 14.79 20.7 14.51 22.1 WSW 5,39 16.9 4.68 12.0 7.91 15.7 5.73 17.9 8.84 19.6 9.56 20.6 w 5.15 13.8 3.74 11.l 6.47 16.3 5,42 15.1 9.03 20.1 11.49 17.8 WNW 2.48 14,4 3.29 13.3 5.26 15.9 5.35 14.4 8,14 17.0 9.37 16.9 NW 4.88 10.7 5.78 11.1 12.61 16.4 9,90 17.6 17.59 19.2 14.81 17.9 NNW 2.56 12.4 2.98 11,3 3.86 16.8 4.10 20.0 8,53 23.0 4.29 20.6 
* Frequen1:y is exp"'51led as the percent of the total time of recorded wind for each month that wind blew from the 
tabulated direction. 
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TABLE 3 -AVERAGE VELOCITY ANDFREQUENCr OF WINDS FROM EACH DIRECTION 
FOR EACH SEASON AND THE YEAR 
WILSON AVENUE CRIB 
SEPTEMBER 1950-0CTOBER 1954, INCL. 
Season•• 
Year lee Seuon Spring Summer Fall Oirec-
ti on Pct. Average Pct • .  Average Pct. Average Pct. Average Pct. Average 
of Velocity d Velocity of Velocity d Velocity of Velocity 
Time (m.p.h.) Time (m.p.h.) Tl me (m,p.h.) Time · (m.p.h.) Time (m.p.h.) 
N 7.8 18.4 9.3 20.6 10.8 18.3 7.3 13.8 5.1 io.9 
NNE 5.5 15.7 3.2 14.8 7.1 15.5 7,5 12.4 3.8 18,9 
NE 6.7 l•.1 3.2 13.2 7.8 14.5 10.2 10.6 4.9 16.8 
ENE 3.4 14.0 2.2 15.4 4.2 14.2 4.7 10.4 2.5 15.8 
E 3.9 13.4 2.3 15.• 5.9 14.3 4.8 9.5 2.4 14.6 
ESE 4.2 13.9 3.8 14.6 5.7 15.4 5.• 9,8 2.3 15.6 
SE 7.0 13.3 5.9 15.4 7.3 13.4 10.5 10.6 4.7 14.4 
SSE 5.2 13.9 4.1 15.5 5.0 13.0 6.7 10.6 4.9 16.4 
s 6.0 14.2 5.7 16.6 4.6 14.0 6.8 u.o 6.5 15.7 
SSW 4.9 17.5 4.8 20.7 2.6 18.3 5.1 12.3 6.5 19.2 
SW 10.6 18.9 10.8 21.3 6.3 20.l 9.6 14.9 14.3 19.9 
WSW 6.3 18.2 6.9 19.6 4.7 19.8 5.3 15.3 8.0 18.5 
w 6.8 17.5 7.7 20.l 6.7 20.0 4,6 13.5 8,1 17.3 
WNW 6.6 16.7 8.9 18.7 7.8 19.0 3.5 14.0 7.0 16.l 
NW 10.5 16.0 1�.o 17.8 8.8 17.2 5.1 11.4 13.8 17.8 
NNW 4.6 16.8 6.2 19.0 4.7 15.9 2.9 11.9 5,2 20.1 
Average Veloct-
ty all Directions 16,l 18.3 16.6 12.0 17,8 
*Frequency ls exple!Hd as the percent of the total time of recorded wind for each season (or for the period). that the 
wind blew from the tabulated direction. 
**Ice Season-jan�ary. February; Spring-Match, April, May; Summer-June, July, August; Fall-September, Oc­
tober, November, December. 
1.) 
2.) 
3.) 
4.) 
S.) 
6.) 
7.) 
' TABLE 4 - MF.AN AND STANDARD DEVIATION OF LEO PARAMETERS 
(MA.Y 1974--MARCH 1975) 
VARIABLE MEAN STANDARD DEVIATION 
Breaker Height (ft) 1. 292 0.951 
Barometric Pressure (in. of Hg) 29.222 o. 777 
Wave Angle (degrees) 93.955 19.755 
Foreshore Slope (degrees) 6.113 2.322 
Wave Period (secs.) 3.167 0.910 
Wind Speed {mph) 10.388 3.469 
Longshore Current Speed {ft/sec) o. 701 0.649 
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strong and of fairly long duration, and (2) these winds have an onshore 
component. Thus, one could assume the summer months -- .Ttme, July, August 
and early September -- to be a period of minimal erosion because light and 
variable winds prevail. This is in contrast to the remainder of the year 
when storm passages are more prevalent and winds are stronger and more 
consistent. During the middle of winter -- January and February -- the 
lake tends to be frozen and, therefore, erosional damage may be minimal. 
This has the net effect of minimizing the stonns of this period regardless 
of their intensity. 
Davis (1973) has suggested that the major portion of erosional 
damage occurs during two or three severe s tonn periods per year. The 
shore is most susceptible to erosional damage during the period October to 
May, with peaks in November-December and March-April, due to the steep 
energy gradient that exists in the central U. S. 
Analysis of Selected Storm Periods 
Conceptual and Theoretical Framework 
Figure 4, from Fox and Davis (1970), displays the basic interactions 
and interrelationships of coastal processes. l11ange in barometric pressure, 
is the driving force -- it facilitates coastal erosion by causing wind-
driven waves. The erosional effect of waves is proportional to: 1) wave 
angle, (2) breaker height, and (3) wave period (Illinois Division of Water­
ways 1958). In addition, waves in Lake Michigan tend to deteriorate little 
because of the nearness of the shore. 
Due to the recent increases in lake levels (1964-1975) the erosion­
al problem has been intensified. The effect of waves is much greater \vi th 
higher lake levels as storm waves meet bluff faces and beaches with greater 
frequenc-y. Under these conditions two or three severe stonns can remove 
tremendous amounts of material (Davis 1973). 
The lllinois shore is located where prevailing westerlies dominate 
the wind pattern. Thus, the percentage of offshore winds is increase<l 
and the net effect of wind driven erosional waves is less than for the west 
coast of Michigan. In addition to the prevailing westerlies, however, 
there are wind patterns associated with travelling low pressure areao..;; 
these cyclones arc the major control of Illinois weather, especially during 
fall, winter, and spring. It is primarily due to these systcnL<> that con­
ditions arise which lead to shore erosion. Cvclonic cotmterclockwise 
circulation patterns alter the wind patterns such that strong winds often 
blow onshore, and significant erosional damage from wave activity can occur. 
Due to the elongated north-south sh.ape of Lake Michigan, large variations 
in wave intensities occur depending upon the fetch ( Hgurc 5). Because of 
BAROMETRIC 
PRESSURE 
Fig. 4 - Flow Chart Displaying Relationship::; Among Atmospheric, 
Astronomic, and Lacustrine Phenomena 
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limited fetch, waves and current quickly respond to local wind changes. 
Fetch is the total distance upwind that the wind may generate 
waves that can affect the shore at the end of the wave travel distance. 
Along the Illinois shore waves generated from the northeast, given a 
constant wind speed, are apt to be more intense than waves generated from 
the east or southeast due to fetch differences. 
Fox and Davis {1971a, 1971b, 1972) have described specific 
interactions of Lake Michigan coastal processes. Utilizing Fourier 
Analysis, they have developed a basic model for the easten1 shore. As 
baroretric pressure falls, wind speed increases, causing increase in 
breaker heights, which in tum increase littoral current speed. 111is oodel 
is quite applicable to the Michigan shore, but not to the Illinois shore. 
With the passage of a cyclonic stonn over Lake Michigan the winds shift 
from the southwest to the northwest. Along the Michigan shore both of these 
winds cause wave pile-up, but along the Illinois coast winds blO\� offshore 
reducing the erosional effects of waves. Which shore will be most affected 
by a sto nn  depends on (1) the intensity development of the stonn; (2) the 
path of the stonn center. Figure 6 is a generalized diagram of the winds 
of a cyclonic stonn in the northern hemisphere. It illustrates the fact 
that the Illinois shore is most likely to experience onshore winds if: 
(1) the stonn is travelling in a northerly direction west of the Lake, or 
(2) the storm is travelling in a easterly direction south of the Lake. 
Wave angle, in addition to fetch, wind direction, wind speed, 
and barometric pressure, is also critical in detennining the amount of 
erosion. Given a constant breaker height, littoral current (and, there­
fore possibilities for sediment transport) increases as the wave angle 
varies from an angle perpendicular to the shore. For example, on March 27, 
1975 a breaker height of 6 feet was observed at Kenosha, Wisconsin, but 
because the wave angle was 90 degrees and the littoral current speed was 
0 feet per second, the net erosional effect of these large waves was not 
great. 
Wave period (defined as the average time between successive wave 
crests) also affects the erosional capabilities of a wave. If waves main­
tain a large height and a short period they tend to break upon one another. 
Thus, their impact upon the shore is reduced. If the period is long, 
each wave can exert a larger proportion of its energy upon the shore. 
In summary, the optimtun conditions for coastal erosion are: 
(1) strong onshore winds of long duration and (2) large waves of long period 
approaching at an acute angle to the shore thereby producing a large capacity 
for transporting sediments. Seiches, a sudden dip or rise in lake level, 
are very dramatic and can last for a few minutes or up to several hours 
(LOWM 1974). They are primarily caused by (1) prolonged wind from one 
direction which tends to pile up water on one side of the lake and (2) a 
rapid change in barometric pressure which accentuates this change caused 
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by the winds. If a seiche occurs in conjtmction with a stonn on the 
lake, erosion can be greatly enhanced. 
Study Period: May 1974-March 1975 
Weathe.r data collected during the period May 1974-March 1975 
has been summarized for the purpose of illustrating the effect of wind and 
waves on the shore. Table 4 gives the means and standard deviations of 
IEO (Littoral Environment Observation) variables. These data, along 
with the graphs and tables that follow, indicate the nonns and extremes 
of lake shore conditions. 
At Kenosha, Wisconsin LEO data were collected daily on weekdays. 
These data consist of the following (Fig. 7): 
1. Location 
2. Date 
3. Time 
4. Wave period- -average time between wave crests 
5. Breaker height--in feet 
6. Wave angle 
7. Wave type--calrn, spilling, plunging, surging, or spill pltmge 
8. Wind speed--in rrph 
9. Wind direction 
10. Foreshore slope 
11. Width of surf zone 
12. Longshore current speed (mph) and direction (right or left) 
Based on data gathered from May 1974-March 1975 and previous 
research, the following generalizations can be stated: 
1. Breaker heights, wave periods, and littoral (longshore) 
currents peak in the late fall and spring (Figs. 8, 9). 
2. Relatively large breaker heights are associated with 
easterly winds (Fig. 14). 
3. Wave angles to the shore vary from sea<;on to season -- close 
to 90 degrees during the late fall and spring, and at 
acute angles in the surruner and early fall (r:ig. 10). 
4. Breaker height and period both display near ly perfect 
Poisson distribution (Fig. 11, 12). 
5. The predominate wind directions are from the south, s outhwest, 
west, and northwest (Fig. 13,14). 
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Fig. 9 - Breaker Height and Wave Period (May 1974 - March 1975) 
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TABLE 5 - PFRCENTAGE OCCURRENCE OF BREAKER HEIGHI'S BY WAVE ANGLES 
(MAY 1974-MARCH 1975) 
WAVE ANGLE " 60°-69° 700-79° 800-89° 90°-ggo 
; 
Bk. Ht. (ft.) ' ' % % 
0.1-0.9 52 16 58 63 
1. 0-1. 9 47 24 25 19 
2. 0-2. 9 1 40 10 s 
3.0-3.9 -- 16 5 2 
�4.0 -- 4 2 1 
Ni = 21 25 41 46 
WAVE ANGLE 100°-109° 110°-119° � 120° 
Bk. Ht. (ft.) % % % 
0.1-0. 9 34 33 63 
1. 0-1. 9 42 45 37 
2. 0-2. 9 24 12 I --
3.0-3.9 -- 10 --
� 4. 0 
Na = 17 15 9 
N3 is the total obseIVations in each category. 
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6. Very large and very small breaker heights appear assoc­
iated with a wave angle near 90 degrees," but meditun breaker 
heights do not display any clear association with specific 
wave angles (Table 5). 
The selection of specific storm sequences for analysis is an 
arbitrary choice. Davis (personal conununication) has found that very 
little transport and erosion occurs when winds average less than 15 mph 
and breaker heights less than 1. 5 feet. These conditions serve as a lower 
threshold in designating storm periods for the present study. Seibel 
(1974) stated that a stonn day existed when the average daily wind speed 
was greater than 15 mph. This definition ignores direction-- a very 
critical parameter. The National Weather Service issues a severe storm 
warning for the Illinois coast when the wind has an onshore conponent and 
averages greater than or equal to 30 Jrq>h for 6 hours or more. It was 
fotmd that during this.period, based on O'Hare and Mitchell airport data, 
a storm of this type did not occur. An atteITq>t was then made to identify 
onshore winds with velocities averaging greater than 15 nph. Approximately 
35 distinct periods could be defined using these conditions. Thus, it 
is inadequate to define storm periods on the basis of wind data alone, 
lacustrine parameters must also be included. An arbitrary definition was 
then established, whereby a storm period represented two or more consecutive 
days with breaker Iteights greater than 2 feet. Based upon these conditions 
a reasonable number of storm periods were defined. Of these, two (March 21-
28, 1975 and November 29, 1974) were chosen to represent meteorological 
and lacustrine storm conditions . 
· 
Whether the limited period of study (May- Ma.rch) is representative 
of ail average conditions on the Illinois coast of Lake Michigan is 
questionable. But, based on previous analysis, it is clear that many of 
the above generalizations are representative , and future data collection 
must be more intensive and extensive. But , the two periods discussed be­
lCM represent the conditions that exist during a severe storm on the 
Illinois coast of Lake Michigan. 
Stonn Period I: March 21- 28 , 1975 
The most severe storm during the period May 1974-March 1975 
occurred from March 21- 28. Figure 15, displaying LEO parameters for each 
day of the stonn period, when viewed in conjunction with Figure 16 (showing 
the three hour wind speeds and directions for the Illinois coast), shows 
the largest breaker height (6 ft. on March 27) is associated with easterly 
winds greater than 20 knots. Figure 17 displays the location of cyclonic 
storm centers for each day of the period. The following is an analysis of 
the storm conditions based on daily synoptic weather maps. 
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March 21 (Friday) - A low pressure area was located southwest of 
the Illinois shore causing easterly winds; this led to large breaker 
heights (4.5 feet) and other storm conditions. 
March 22  - The storm was centered east of the Illinois shore 
resulting in offshore winds. Lacking LEO data for the weekends , an 
estimation of coastal littoral conditions was unavailable. 
March 23 - The Illinois shore was under the influence of a develop­
ing low in the Kansas area. Again LEO data was unavailable. 
March 24 - A warm front, associated with a cyclonic storm was 
located over western Illinois, its passing over the shore resulted in 
south-southwesterly winds, causing breaker heights of moderate size (2  ft.) 
and a wave angle of 110 degrees • 
· March 25 - Due to oovement of the cyclonic storm to the east, off­
shore winds prevailed. Associated with these winds were breaker heights 
of moderate size. The relatively large waves suggest that there was not 
a direct cause-effect relationship between wind speed/directfon. Processes, 
such as refraction of wind over a land-sea interface and reflection of waves 
off opposing shores, may have been in operation. 
March 26 - A calm period prevailed for the Illinois shore due to 
the eastward movement of the cyclonic storm and the limited development of 
another storm in western Kansas. Consequently, winds were light. They 
shifted from the northwest to the east whereupon they produced meditml 
breaker heights. 
March 27 - Intense high pressure area near James Bay, Canada with 
a rapidly developing low in southern Nebraska resulting in easterly winds 
(20 knots) that caused 6 foot breaker heights. 
March 28 - This storm center moved northward causing the Illinois 
shore to experience light and southeasterly winds (7 knots@ 1800 hours). 
The decreasing wind speed resulted in decreasing breaker heights, thus 
terminating the storm period. 
The cyclones that caused storm conditions on the Illinois shore 
came from the west .and southwest, with well developed or rapidly developing 
onshore winds. "Families" of such cyclonic storms, proceed thru the area 
in rapid succession, causing prolonged storm conditions, and erosional 
problems. Figure 18 shows that in addition to causing large waves,' east 
winds tend to pile water up on the Illinois shore, raising lake levels, 
thereby accentuating the erosion problem. 
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Stonn Period I I : November 29 - December 7,  1974 
'Ihis period provides an additional example of stonn conditions . 
Figures 19 and 20 show that the most severe days occurred on a weekend 
limiting analysis and enphasizing the need for more intensive data 
collection in the LEO program. 
November 29 - December 1 (Friday-Sunday) - The Illinois shore 
experienced east-northeasterly winds due to the eastward movement of a 
cyclonic stonn south of Lake Michigan. The winds of December 1 were 
strong (20 knots) causing large breakers and severe stonn conditions . 
Figure 21 displays the rise in lake levels associated with the winds . 
December 2- 3 - Durimi this oeriod the l ow  moved further eastward 
and a high pressure area, near western Iowa, brought northwesterly winqs 
to the shore . A seemingly anomolous situation existed, possibly a residue 
from the previous days ' conditions , with offshore winds and fairly large 
breaker heights of 3. 5- 4 feet . · 
December 4-5 - Due to the calm conditions associated with the high 
pressure area over the Ohio Valley, light and moderate winds resulted . 
Breaker heights were reduced . 
December 6- 7 - A cold front, associated with a cyclonic stonn in 
the Great Plains, brought southeasterly winds resulting in relatively 
large breaker heights (2. 5 feet on December 6) . 1he movement and increasing 
intensity of the cyclone should have caused stonn conditions to increase 
and continue throughout the weekend . 
'Ihis storm period was a classic example of inadequate analysis 
resulting from incomplete LEO data . Although significant erosional damage 
occurred, thorough understanding of the actual processes at work was not 
possible. 
Conclusions and Reconnnendations 
A principal causal factor of stonn damage to the Illinois shore of 
Lake Michigan is the erosional result of wind driven waves . These winds 
are primarily a result of traveling cyclonic storms that traverse the area, 
especially in fall, winter, and spring . Due to the recent transgression of 
lake levels (1964-1975) the erosional capabilities of stonn waves has 
been greatly enhanced . 
Two specific periods were selected to provide a more detailed 
understanding of the causes and characteristics of severe storm conditions . 
Breaker heights were at a maximum when winds were strong and onshore . 
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Longshore current speeds reached a maximum when breaker heights were large 
and at an arute angle to the shore . Thus, the above analysis infers that 
erosion is maximized when breaker heights are large , wave periods long, 
and longshore rurrent speeds rapid. 
ion. 
There are many shortcomings with the present system of data collect­
The following are recoI1111endations for improvement : 
1. Collection of LEO data should be automated, expanded to more 
sites , and observed more often. The automation of data 
collection could be accomplished through the use of time­
lapse movie ca100ras and current meters . A recording 
anemometer and wind direction meter , at a substantial height 
above the ground to facilitate a representative sample , could 
provide the atmospheric data . Microbarographs could relate 
changes of surface littoral conditions to small changes in 
barometric pressure . 
The data collected at Kenosha (LEO) and local airports 
are applied to the entire Illinois coast.  Since the LEO data 
is a limited sample and the airport data is not truly represent­
ative of the lake-shore environment, expanded data collection 
facilities are needed. If the LEO network were expanded, the 
additional samples would enable more complete and extensive 
analysis , e . g. , sources of waves associated with certain 
synoptic conditions, general patterns of wave development , 
changes in direction and pattern of waves for more than one 
site ,  etc. Thus , enabling a more detailed analysis of the 
degree and nature of wind/wave relationship. Davis (1975) 
suggested that a widespread monitoring program along the east­
ern coast of Lake Michigan might serve as a basis for both 
detennining the specific causes of coastal erosion and also 
for predicting patterns of erosion during periods of future 
lake level changes . 
Measurements in situ would provide a better evaluation 
of lacustrine littorarcDnditions than those made by hind cast­
ing , i . e . ,  the calculation, from historical synoptic wind charts, 
of the wave characteristics that probably occurred at some past 
time. These data are insufficient in scope and of questionable 
validity.  Measurements taken in situ would be accurate and 
precise . 
- --
2. The vunerability of specific coastal areas , to severe storms 
should be detennined. This estimate could be based on knowledge 
of the maximum severity of s tonns in recent years , the suscept­
ibility of the area to erosion, and the lake level. Thus, en­
abling an estimate of damage to areas of the Illinois coast. 
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3. Large scale processes - lake currents , sediment trans fer, 
wave refraction , etc . -- could be gathered using data from 
remote sensors , e. g. , LANDSAT (ERTS) , air photos , and 
Skylab . 
The Illinois shore of Lake Michigan has been intensively used for 
residential, recreational , and industrial purposes .  The monetaiy loses 
incurred thus far from improper use have been tremendous . Therefore, it 
is i111>erative that a thorough network of lacustrine and littoral data 
collection systems, to provide input for exhaustive and complete analysis 
of erosional rates and patterns , be established . This data, input into 
detailed analysis , could lead to far better utilization of this natural 
resource . 
